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A large vacuum-immersed H2 ion source has been operated on the negative-ion-based neutral beam
teststand. The achieved level of the beam and the pulse duration in beam conditioning were limited
by a high-voltage breakdown in the vacuum vessel. A baffle plate at grounded potential for shielding
completely from the charged particles was successful. A beam with an energy of up to 102 keV and
the H2 ion current of 0.55 A were achieved for 0.29 s without the breakdown. The ion current of
;1.5 A was accelerated in cesium-seeded operation. The corresponding ion current density was ;7
mA/cm2. A magnetic filter ~as Type I LV magnetic filter! on the plasma electrode was applied. The
electron beam component which was extracted from the plasma source together with H2 ions was
found to be very reduced. © 1996 American Institute of Physics. @S0034-6748~96!05302-7#
I. INTRODUCTION
The ion source which is immersed in a vacuum vessel1–4
has the following potential advantages: the ion source should
become compact owing to only a minimum spacing of high-
voltage insulation ~i.e., an ideal insulation with vacuum!, the
structure of the ion source can be simplified and light
weighted without excessive atmospheric pressure, and the
stripping loss of H2 ions near the accelerator should be re-
duced. However, the beam acceleration testing of the ion
source with high energy and a long pulse of operation has
faced an electrical breakdown in the first place. The high-
voltage breakdown occurred near the ion source inside the
vacuum vessel. The problem of the voltage breakdown in the
vacuum-immersed ion source is to be worth the efforts due to
not only the attainment of potential advantages, but also a
high-voltage accelerator in air/SF6 as usual, inside which the
common phenomena would be suspected. The following two
phenomena have been observed. When the beam was not
accelerated by switching off only the arc power supply, high
voltage was sustained without the breakdown; a thin plasma
was detected near the ion source in the vacuum vessel for the
period of the beam. It has been observed3 that the breakdown
was reduced when the ion source was shielded by a metal
foil from those plasmas.
In this article, a more complete shield as with a baffle
plate, instead of in part shielding used before, is mounted
inside the vacuum vessel to aim a beam with high accelera-
tion energy of 125 keV and a long pulse duration of 10 s. We
describe the beam acceleration testing and the plasma den-
sity measured inside the vacuum vessel. A magnetic rod filter
like that by Leung et al.5 has been used in this ion source to
efficiently produce H2/D2 ions. Presently, a kind of virtual
magnetic filter at the plasma electrode is applied6 for the case
of multiholes. A H2 yield and the electron beam component
were compared for two magnetic filters. This filter had been
applied,6,7 first for a single hole in a small H2 ion source.
Results in cesium-seeded operation are mentioned briefly.
II. ION SOURCE AND BAFFLE PLATE
A vacuum-immersed H2 ion source with a baffle plate in
an ion source vacuum vessel ~3.3 m diameter! are shown
schematically in Fig. 1. The ion source is mounted on the
frame stand with a pivoting structure. All the electrical leads
as well as cooling water for the ion source are supplied
through an insulated large port ~feedthrough! on the top of
the vacuum vessel.
The ion source3 is composed of a multicusp plasma
source ~i.e., dimensions of 38356325.8 cm3! with a mag-
netic rod filter, and a two-stage accelerator. It was designed
on the basis of a previous 1/3 scale multicusp ion source8,9
~i.e., for a 125 keV315 A beam! at atmosphere for the
LHD10-NBI. The plasma source is at a highly negative po-
tential. The two-stage accelerator consists of five electrodes
FIG. 1. Schematic drawing of a vacuum-immersed H2 ion source with a
baffle plate. Numbers 1–6 in the drawing correspond to locations of charged
particle collectors.
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with 800 multiholes 9 mm in diameter over the area of
25350 cm2. Each electrode is isolated from each other and
supported by ceramic-post insulators. The source operated
with beam pulses of 0.3 s in duration.
The baffle plate is made of a stainless-steel thin plate. It
is fixed so as to shield the ion source and the feedthrough
~i.e., high potential parts! from charged particles as com-
pletely as possible, at the grounded electrode of the accelera-
tor as a border. It divides equally the ion source vacuum
vessel and the cryopump. Particle collectors ~8 cm in diam-
eter! to detect the charged particles are set near the ion
source and an entrance of the neutralizer around the beam
axis. Gas pressure inside each divided space became ap-
proximately the same and was ;5.531025 Torr with a
source pressure of 4 mTorr in H2.
The magnetic rod filter ~as Type II! and the plasma elec-
trode used before were detached. Pairs of the small magnets
instead were embedded near each multihole in a new plasma
electrode to serve a virtual magnetic filter on the plasma
electrode, which acts over a localized region in the vicinity
of the extraction hole. We call6,7,11 it a Type I localized vir-
tual magnetic filter ~Type I LV filter!. There is no use of the
magnet columns in the extraction electrode for the Type I LV
filter to separate the accompanied electrons in a normal way,
while they were employed in a previous experiment3 for
Type II. The magnet geometry in the Type I LV filter was
designed on the basis of studies of a small H2 ion source
with a single hole, of which details will be reported in an-
other papers. The plasma electrode is made of copper plate.
Only the upper half of the plasma electrode with 324 multi-
holes is incorporated with the Type I LV filter to extract the
beam. All the rest are covered by a mask plate.
III. RESULTS AND DISCUSSIONS
To check the completeness of the baffle plate, the dif-
fused plasma existing near the ion source in the vacuum
vessel was examined as a function of the arc power. It can be
seen from Fig. 2 that the plasma density near the ion source
~Nos. 1 and 4 collectors! is reduced by about two orders of
the magnitude, compared with those without the baffle plate.
The plasma in the downstream space is dense. With the use
of a baffle plate, however, there still exists the plasma with a
low density near the ion source ~i.e., an order of 103–105
e/cm3! induced by the beam. It is considered that they mainly
originate from beam-induced plasma in the downstream neu-
tralizer. This plasma could diffuse into the upstream space
owing to an incompleteness of the shielding, for example,
gaps existing near the high-voltage wirings, the vicinity of
the cryopump, and the frame stand with a complex structure,
etc. Part of the plasma should originate from charged par-
ticles produced inside the accelerator ~i.e., the stray electrons
from the beam, the scattered ions, and the photo electrons
etc!.
Figure 3 shows the H2 ions current (IH2), the current to
the extraction electrode ~Iext!, and the current to the accelera-
tion electrode ~Iacc2! for the first stage as a function of the arc
power ~after 356 of conditioning operation!. As can be seen
from Fig. 3~a!, the H2 ion current of 0.55 A with an energy
of 102 kV is achieved for a pulse duration of 0.29 s without
high-voltage breakdown. The H2 current of up to ;0.8 A is
achieved with a higher gas pressure. Achieved beam energy
and pulse duration as well as the ion current were improved
with the baffle plate at the grounded electrode.
The Iext increases proportionally with the arc power, as
FIG. 2. Current to the charged particle collector at a 190 V bias with baffle
plate vs arc power. P52 mTorr. Data without baffle are quoted from Ref. 3.
Vext53 kV. Vacc2520 kV.
FIG. 3. Source performance under the same operating conditions as a func-
tion of arc power. Two-stage accelerator. ~a! Negative hydrogen ion current,
IH2. ~b! The current to the extraction electrode, Iext . ~c! The current to the
acceleration electrode, Iacc2.
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shown in Fig. 3~b!. As a result, extracted electrons are ap-
proximately two to four times the negative ions.
It can be seen from Fig. 3~c! that the accelerated current
Iacc2 can be fairly decreased in comparison with the extracted
current Iext . Accelerated electrons ( 5 Iacc2 2 IH2) could be
reduced further by adjusting the voltage on the electron sup-
pression electrode in the accelerator. The current to the
grounded electrode for the second stage, Iacc3 ~not shown in
Fig. 3! approximately equals the Iacc2.
Characteristics for two magnetic filters were compared
under similar operating conditions. It was obtained that the
efficiency of H2 production in Type I was the same as in
Type II. It was also found that the electrons extracted from
the plasma source in Type I became small by a factor of
about 4–5 compared with ones in Type II. This must be the
principal feature in the Type I LV filter. Above-mentioned
results for multiholes were similar to those for a single hole
in the small H2 ion source.
When a small amount of cesium is deposited ~in Fig. 4!,
the H2 ion current reaches about 1.5 A ~corresponding ion
current density of ;7 mA/cm2! at high arc power. The effi-
ciency of H2 production is improved by a factor of up to 2
with cesium deposition. To achieve the high efficiency, the
way of the cesium deposition has to be improved, as being
progressed in a high-current H2 ion source8,12 in air at NIFS.
Of these the plasma electrode should be changed to a molyb-
denum one, instead of a copper one.
IV. DISCUSSIONS OF VACUUM-IMMERSED ION
SOURCE OPERATION
Our approach with the baffle plate was successful to
raise the level of beam to ;100 keV, ;0.3 s, and ;1 A, from
;20 keV and ;0.1 s without the shielding, although the
design specification was not executed. Of the vacuum-
immersed ion source, the primary difficulty is considered to
exist in the high-voltage sustainment with beam. In one case,
the voltage breakdown in the accelerator would grow at con-
ditions in the left-hand side of the Paschen curve ~with an
existence of long circuit discharge paths in the accelerator
pointed out13 by Molvik et al.!. In another case, withstand
voltage in the accelerator would be limited by voltage break-
down along the surface of the insulator. The flashover in this
process appears to be initiated at the so-called triple
junction.14 It is considered for both cases that the existing
plasma/charged particles near the accelerator aid to lower the
withstand voltage of the accelerator compared with those un-
der vacuum circumstances. The complete shielding from the
charged particles has to be necessary to achieve the potential
advantages. Those would be commonly important in the
high-voltage accelerator.
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FIG. 4. Negative hydrogen ion current IH2 with cesium introduction as a
function of the arc power.
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